Objective. To test to what extent the four-factor structure of the group innovation inventory (GII) is confirmed for improvement teams participating in a quality improvement collaborative.
Introduction
Quality improvement collaboratives (QICs) have received substantial attention as one way to close the gap between best practices and actual practices in health care. To improve a specific subject area of care, temporary teams from different organizations are brought together in a QIC so that learning within and between settings can take place. QICs are expected to enhance quality and efficiency of care by acting as a 'learning laboratory' [1] stimulating and implementing innovations.
West and Farr [2] defined innovation as: ' . . . the intentional introduction and application within a role, group or organization of ideas, processes, products or procedures, new to the relevant unit of adoption, designed to significantly benefit the individual, the group, the organization or wider society' ( p. 9). Innovation success within organizations depends upon a wide range of determinants on the individual, team and organizational levels. Given the increasing use of teamwork in healthcare organizations [3] and given the fact that innovation is often 'originated and subsequently developed by a team into routinized practice within organizations' [4] , there is a need for better understanding of how team processes can facilitate or hinder innovation.
In their generally accepted definition mentioned above, West and Farr [2] distinguished idea generation-or creativity-from implementation. Following this distinction, West and Farr [2] argued that mechanisms facilitating or hindering these two aspects of innovation may differ. Determinants of creativity might not be identical to determinants of implementation and might even have opposite effects. The question remains which aspects of team processes support creativity and which aspects support implementation.
Research by West and Farr [2] suggests that group climate, defined as a set of shared expectations, is key to a group's scope of new ideas and working methods. These researchers further developed this notion into a model that proposes that group innovations are influenced by four factors: degree of agreement upon clear and realistic objectives, participation in decision-making, commitment to achieve the highest possible standards of task performance and support for attempts of innovative ideas. Although West and Farr recognized the dual nature of innovation, the four-factor model does not distinguish between factors influencing creativity and factors influencing implementation. In their attempt to identify which aspects of the climate within teams facilitate creativity and which aspects facilitate implementation, Caldwell and O'Reilly [5] suggested that social expectations of team members-or group norms-may exert control over attitudes and behaviour by representing 'what is' or 'ought to be' in a particular situation. On the one hand, this mechanism might be conducive to creativity, for example by generating social approval when trying new ways of doing things, taking risk and tolerating mistakes. On the other hand, it could facilitate implementation by generating social approval when working together effectively and acting quickly. It would follow, therefore, that 'support for risk taking' and 'tolerance of mistakes' are two important norms for creativity, and that 'group functioning' and 'speed of action' are crucial for implementation.
In line with this concept, Caldwell and O'Reilly developed the group innovation inventory (GII) to assess these four factors. The four-factor structure underlying the 36 items was theoretically consistent with previous research, and predictive validity was shown by significant correlations between the four subscales and rated innovativeness. The items were based on input from more than 2000 managers and tested on a sample of participants in a university-based management development programme and a part-time MBA programme.
The assumptions underlying the GII may not all be valid, however, for health care settings, notably with regard to the norms that are thought to enhance creativity. In health care, the willingness to propose new and creative solutions to problems-with unknown effects and risks-may be problematic in particular. The challenge here is to find a balance between demands placed on professionals, such as responsibility for quality of care and patient safety, and the necessity of constant learning, improving and innovating. The purpose of the present study was to investigate to what extent the concepts of norms for implementation and creativity can be applied to teams participating in a QIC within health care. We tested whether the four-factor structure underlying the GII was confirmed within this setting.
Method Participants
This study included members of teams participating in the QIC 'Care for Better', a programme for home care, care for the handicapped and the elderly in the Netherlands between 2006 and 2008. These improvement teams were participating in the following projects: pressure ulcers, eating and drinking, prevention of sexual abuse, medication safety, fall prevention, aggression and behavioural problems and autonomy. As the major instrument to quickly spread evidence-based practices across care organizations and to enable mutual learning across sites, the 'Breakthrough Series' approach developed by the Institute of Healthcare Improvement was used [6, 7] . Although the topics of improvement were different for these projects, the set up of the projects, working with the plan-do-study-act cycle and starting off with small-scale changes first, is the same.
Teams typically consisted of a project leader and four others. As part of a larger overall evaluation study, team members received a postal questionnaire at two time points: two months into the project (baseline) and after 1 year, at the end of each project (end-measurement). For this study, data from two separate samples were used. The first preproject sample consisted of baseline data for ongoing projects (no end-measurement data available yet). Eighty-six of the 125 project leaders completed the baseline questionnaire (response rate 68.8%). In total, 219 other team members completed the questionnaire. The exact response rate for the other team members cannot be established, since we do not know the size of teams whose project leader did not complete the questionnaire. For the other teams, the average response of team members was 62%. As 44 respondents had not fully completed the GII, a total sample of 261 respondents was left for analysis.
The second sample is used to cross-validate the factor solution. This post-project sample consisted of end-measurement data only, for several projects that had already started before this evaluation study went underway. Thirty-eight of the 83 project leaders completed the questionnaire (response rate 45.8%). This lower response rate may partly be due to the fact that the teams participating in projects on pressure ulcers, eating and drinking and prevention of sexual abuse had not been informed beforehand about the evaluation study. In total, 98 other team members completed the questionnaire. As 7 respondents had not fully completed the GII, a total sample of 129 respondents was left for analysis.
Measures
Group innovation inventory. The 36 original items had been translated into Dutch by two researchers independently. There were no salient differences in meaning between the two translations, and the two researchers agreed upon the final Dutch translation. Each item was rated at a five-point scale ranging from 'strongly disagree' to 'strongly agree', in which higher scores indicate a better or more desirable team climate. Scores for each item in a subscale were summed to determine the subscale score.
Team climate inventory [8] . The short version of the team climate inventory (TCI) [9, 10] , a well-validated instrument, served to validate the GII. The TCI consists of four subscales: vision, participative safety, task orientation and support for innovation. Items included statements such as 'People in this team are always searching for fresh, new ways of looking at problems'. The 14 items were rated on a five-point scale ranging from strongly disagree to strongly agree, in which higher scores indicate a better or more desirable team climate. Scores for each item in a subscale were summed to determine the subscale score. Reliabilities of the four subscales in our study were between 0.77 and 0.80.
Analyses
The psychometric analyses comprised three parts. First, to verify the factor structure of the questionnaire and to test whether the relationship between observed variables and their underlying latent constructs exists, confirmatory factor analysis was executed using the LISREL program [11] . No correlation errors either within or across sets of items were allowed in the model. Based on the four-factor solution found by Caldwell and O'Reilly, each subset of items was allowed to load only on its corresponding latent construct derived from the four-factor theory (boldfaced items in Table 1 on page 507 of Caldwell and O'Reilly) [5] . The 10 items that cross-loaded on more than one factor in the analysis by Caldwell and O'Reilly were allowed to load on all four factors (items 4, 13, 17, 20, 23-26, 33 and 34). The factor loadings of these 10 items were compared and the modification indices were used to investigate of which latent construct the items were indicators. In the second model, the model was improved by eliminating items that cross-loaded on more than one factor or had factor loadings lower than 0.20.
In the second part, item-reduction analysis was performed to develop a short version of the questionnaire that can be used in case the original version is considered to be too long. Items were removed from the original pool following several criteria: (i) items were excluded one by one following modification indices provided by LISREL and the strength of the loadings, (ii) elimination of items was stopped when reliability of each subscale drops below 0.70 and (iii) there should be as few items as possible with a minimum of four, without loss of content and psychometric quality. To test the measurement models, four indices of model fit were used. The cut-off criteria for these four indices were those proposed by Hu and Bentler [12] . First, the overall test of goodness-of-fit assesses the discrepancy between the model implied and the sample covariance matrix by means of a normal theory weighted least squares test. A plausible model has low, preferably non-significant x 2 values. However, x 2 is overly sensitive when the sample size is large (anything over 200 [13] ), leading to difficulty in obtaining desired nonsignificant levels [14] . Second, the root means square error of approximation (RMSEA) reflects the estimation error divided by the degrees of freedom as a penalty function. Values on RMSEA below 0.06 indicate small differences between the estimated and observed model. Third, we used the standardized root means square residual (SRMR), which is a scale invariant index for global fit that ranges between 0 and 1. Values on SRMR lower than 0.08 indicate a good fit. As a fourth index of model fit, the incremental fit index (IFI) was calculated. This index compares the independence model (i.e. observed variables are unrelated) to the estimated model. Preferably, values on IFI should be larger than 0.95.
In the third part, internal consistency of the subscales was assessed by calculating Cronbach's alphas. Since we expected the two factors group functioning and speed of action (norms for implementation) to be distinct from the two factors support for risk taking and tolerance of mistakes (norms for creativity), correlations between the four factors were computed. In order to further investigate the validity of the GII, correlations of each subscale with the four subscales of the TCI were calculated. Although the TCI was developed to measure the four factors that together cover the concept of team climate and influence group innovations, previous studies on the TCI do not clarify which of the four factors may facilitate implementation and which may facilitate creativity. Taking into account the content of the items, vision, participative safety and task orientation could be attributed to factors facilitating implementation, whereas support for innovation could be attributed as a factor stimulating creativity.
Results

Sample characteristics
The majority of the team members that filled in the baseline and end-measurement questionnaire was female. Mean age was 44 years (SD 9.8) for the pre-project sample and 43 years (SD 9.9) for the post-project sample. Table 1 lists descriptive characteristics of the two samples of team members. In both samples, more than two-thirds of the team members had been working for more than 3 years within the organization. Furthermore, 158 (60.5%) team members at baseline and 88 (68.2%) at end-measurement worked more than 29 h per week. Teams mainly consisted of nurses and caregivers and management.
Part 1: confirmatory factor analysis with 36 items
The factor loadings found in our study showed several differences compared with the results of Caldwell and O'Reilly [5] . Some items had rather low factor loadings on the intended factor. Standardized loadings of the items are shown in Table 2 . The indices of model fit also showed that the model fit was insufficient (see Table 3 , Model 1). The significant normal theory weighted least square x 2 statistic is not surprising given its sensitivity to sample size; it was 1742.803. The RMSEA was 0.05 and below cut-off value. IFI was equal to the cut-off value of 0.95 and SRMR was with a value of 0.09 near the cut-off value of 0.08. All indices indicated that the model could be improved.
These results showed that the highest loadings of items 13, 23 and 24 are on speed of action (Factor 2); these items did not load on more than one factor. The items 17, 20 and 26 had their highest factor loadings on group functioning (Factor 1). Since the wording of these items confirmed these high factor loadings, the pathways to the other latent constructs were eliminated from the measurement model. Item 25 loaded on group functioning and on speed of action. Since this item loaded higher on speed of action (0.62) than on group functioning (0.46) and on grounds of construct uniformity, item 25 should be attributed to speed of action.
To improve the measurement model, the other items that cross-loaded (4, 33 and 34) as well as items with factor loadings lower than 0.20 (36, 7, 6, 18 and 32) were eliminated.
Elimination of these items resulted in 28 remaining items, with 10 items measuring group functioning, 9 items measuring speed of action, 5 items measuring support for risk taking (Factor 3) and 4 items measuring tolerance of mistakes (Factor 4). The four indices of model fit showed that the model improved (Table 3 , Model 2), RMSEA was 0.05 and below 0.06 and IFI was 0.97, both indicating good fit. The normal theory weighted least square x 2 decreased to 1116.663 but was still significant (P ¼ 0.0). The SRMR index was 0.09, exceeding the cut-off point of 0.08. This indicates that the global fit of the overall model is not yet sufficient, pointing to validity problems that may be caused by the two subscales with lower reliability.
Part 2: item-reduction analysis
Since the subscales support for risk taking and tolerance of mistakes already consisted of only a few items and had low reliability (0.64 and 0.45, respectively), we focused on shortening the group functioning and speed of action subscales.
The results from the stepwise procedure showed that after eliminating items 1, 12 and 23, no additional items could be eliminated, since reliability for 'speed for action' would drop below 0.70. The reliability of the subscale speed for action with six items was 0.70. The results from the stepwise procedure also showed that items 10, 28, 14, 20, 2 and 8 of the group functioning subscale could be eliminated. With the remaining four items, the subscale had a reliability coefficient of 0.79. Further reduction would reduce the number of items to three.
The overall fit of this final model was further improved (Table 3 , Model 3). The normal theory weighted least square x 2 decreased to 510.252, RMSEA was 0.04, which is far below the cut-off point of 0.06, and the value of IFI was 0.98, indicating that the specified relations between variables are supported by the data. The SRMR index decreased to 0.08, which equals the cut-off point of 0.08 and indicates that the global fit of the overall model is sufficient.
The post-project sample was used to cross-validate the factor solution. In Table 3 , model fit of the different models for this sample are presented. These analyses showed similar results with respect to factor loadings and the number of items to eliminate as a result of multiple loading or low factor loadings. The normal theory weighted least square x 2 started off higher than the one based on the pre-project sample with a value of 2806.60, but decreased in Models 2 and 3 to a value of 564.89. As was shown for the pre-project sample, the RMSEA and IFI based on the post-project sample also indicate good-to-moderate fit. Only the SRMR showed less sufficient fit with a value of 0.14 in Models 2 and 3. Across all fit indices, the post-project sample validates the factor solutions found in the pre-project sample.
Part 3: internal consistency and inter-correlations
The high cross-scale correlations between the shortened and original scale indicate acceptable coverage of the core areas of the four-factor theory (Table 4 , column 4). The four subscales were significantly and positively correlated (Table 4 , columns 5, 6 and 7). Between the subscales group functioning and speed of action, reflecting norms for implementation, a correlation of 0.43 was found and this indicates that the subscales are conceptually related. Correlations between group functioning and speed of action with support for risk taking and tolerance of mistakes ranged from 0.14 to 0.40.
As a final step in the validation of the GII, correlations of each subscale with the four subscales of the TCI were analysed within the pre-project sample (Table 5) . Except for the correlation between support for risk taking and 'vision', the four subscales of the GII correlated significantly and positively with the four subscales of the TCI. The highest correlation (0.70) was found between group functioning and 'participative safety'. Overall, the correlations between group functioning and speed of action with the TCI subscales were higher than the correlations of support for risk taking and tolerance of mistakes with the TCI subscales. Although support for innovation can be seen as a factor stimulating creativity, correlations with support for risk taking and tolerance of mistakes are moderate.
Discussion
The aim of the study was to investigate the factor structure of the GII within health care. The four dimensions underlying the GII were identified in our study. Group functioning and speed of action-reflecting norms for implementationwere found to be moderately strong scales. This indicates that, also within health care, we can assess the extent to which group norms support cooperation and exchange of information among members of improvement teams, as well as the presence of a shared sense of the need to accomplish things quickly. However, our findings suggest that norms associated with enhancing creativity (e.g. support for risk taking and a willingness to tolerate mistakes) are difficult to conceptualize in health care.
A similar picture arises from the comparison of the four short subscales of the GII with the short version of TCI. Correlations between these subscales showed that the GII construct of group functioning compares well with the TCI construct of 'participative safety'. Both subscales include items on information sharing and participation in decision-making, thought to be important for enhancing implementation. Still, 'support for innovation' (TCI)-a stimulating factor for creativity-only moderately correlated with the GII creativity subscales support for risk taking and tolerance of mistakes. A possible explanation is the fact that some items in the GII support for risk taking subscale also address issues that tap more individual rather than group goals, such as 'successful innovation is important for career success'. The results with regard to the norms for enhancing creativity show that further conceptualization is needed to understand how these norms may exert influence within teams working in health care organizations. The assumption underlying these norms was that support for risk taking and tolerance of mistakes are inherent in a social control system that exerts influence over attitudes and behaviour conducive to innovation. This assumption may be less applicable to health care settings, however, with their high degree of work complexity. In generating new ideas and trying out new things, errors are inevitable. Health care professionals are likely to experience these as dilemmas, seeking to find a balance between tolerance of mistakes and patient safety. Especially when embedded in a culture of 'blaming and shaming', health professionals may be inclined to prefer safe working methods [15] . The social expectations of their peers (informal control), as well as formal control systems do not allow health professionals to make mistakes since these can be harmful or fatal to clients.
Especially in health care, 'error' is a contested concept. Terms such as mishaps, mistakes, errors or failures imply that there has been some inappropriate behaviour conveying a negative judgemental meaning [16] . The use of particular terms in the GII items and their connotations may have led to inconsistent responses, which could explain the low internal consistency and validity found for support for risk taking and tolerance of mistakes scales. Robustness and validity of these subscales could be improved by adapting the items in terms of risks and mistakes that are relevant and realistic in health care settings. To assess these norms for creativity within healthcare, we believe that asking health professionals to think about their actual work practices instead of more abstract terms as 'new things' may lead to more valid answers. An example being questions that relate to health professionals' resourceful attempts to satisfy individual needs or wishes of clients.
In addition to the theoretical considerations discussed above, also some methodological considerations of our study should be addressed. On the one hand, professionals participating in quality improvement teams usually already have experience working together as co-workers from the same division; on the other hand, they usually had not worked together before in such an improvement team, which may make it difficult for them to respond to items of the questionnaire on group processes. Therefore, we deliberately sent the baseline questionnaire no earlier than 2 months after start of each project. Especially in the starting phase, improvement teams meet regularly to think about what their strengths and weaknesses are, what their specific team targets are and which improvement actions should be taken. This should give them enough input to give a valid answer to the items of the questionnaire.
Another methodological limitation is the lower response of team members on our end-measurement questionnaire. Given the dynamics in the field, not many respondents were available for this study.
The testing of theoretical associations between constructs such as group norms can be analysed at the team level taking into account the hierarchical structure of the data for individuals nested within teams. As there is the potential for considerable variation within teams and since the main purpose of our study was to compare the psychometric properties of the GII in quality improvement teams with those from the previous study of Caldwell and O'Reilly, we performed confirmatory factor analyses on the individual level. Ignoring the hierarchical structure of the data may lead to a worse fit of the model [17, 18] . The factor loadings found with the two methods (individual versus team level) will be similar in value.
Conclusion
In conclusion, the full and short subscales group functioning and speed of action showed acceptable psychometric properties. They can be used to assess how quality improvement teams in health care experience norms conducive to implementation. The two subscales support for risk taking and tolerance of mistakes showed insufficient reliability and validity. Therefore, we need to further conceptualize the norms for enhancing creativity in order to understand how social expectations within teams working in health care organizations exert influence over attitudes and behaviours thought to stimulate creativity.
